Introduction
incorporating these microbial mechanisms into large-scale earth system models to quantify 89 carbon dynamics under future climatic conditions ((Wieder et al., 2013; Allison et al., 2010) .
90
This study advanced a microbe-based biogeochemistry model (MIC-TEM) based on an 91 extant Terrestrial Ecosystem Model (TEM) (Raich and Schlesinger, 1992; McGuire et al., 1992;  92 Zhuang et al., 2001 Zhuang et al., , 2002 Zhuang et al., , 2003 Zhuang et al., , 2010 Zhuang et al., , 2013 Hao et al., 2015) . In MIC-TEM, the heterotrophic 93 respiration is not only a function of soil temperature, soil organic matter (SOM) and soil 
Overview

100
Below we first briefly describe how we advanced the MIC-TEM by modifying the soil 101 respiration process in TEM (Zhuang et al., 2003) we introduce how we conducted the sensitivity analysis on initial soil carbon input, using 108 gridded observation-based soil carbon data of three soil depths during the 21 st century.
We thus revised the first-order soil C structure in TEM to a second-order structure 133 considering microbial dynamics and enzyme kinetics according to Allison et al. (2010) . In MIC-
134
TEM, heterotrophic respiration (RH) is calculated as:
136
Where ASSIM and CUE represent microbial assimilation and carbon use efficiency, respectively.
137
ASSIM is modeled with a Michaelis-Menten function:
Where DOC is dissolved organic carbon and is the maximum velocity of the 140 reaction and calculated using the Arrhenius equation, and DOC is dissolved organic carbon:
143 is the pre-exponential coefficient, Eauptake is the activation energy for the reaction
144
(Jmol -1 ), R is the gas constant (8. Where rdeath and rEnzProd are the ratio of microbial death and enzyme production, respectively.
156
Dissolved organic carbon (DOC) is part of soil organic carbon:
where MICtoSOC is carbon input ratio as dead microbial biomass to SOC, representing the 159 fraction of microbial death that flows into SOC, and is set as a constant value according to
160
Allison et al. (2010) . SOC dynamics are modeled:
Where Litterfall is estimated as a function of vegetation carbon (Zhuang et al., 2010 
202
The parameterization was conducted with a global optimization algorithm SCE-UA
203
(Shuffled complex evolution) (Duan et al., 1994) 2003) and elevation (Zhuang et al., 2015) .
222
Similarly, two sets of simulations were conducted driven with two contrasting climate lower bounds of the regional estimations were generated based on these simulations.
Sensitivity to initial soil carbon input
236
Future carbon dynamics can be affected by varying initial soil carbon amount. In the standard during the century while the estimated increase by TEM was much higher (0.28 PgCyr -1 ) (Fig. 2) .
283
At the end of the century, MIC-TEM estimated NEP reached 1. Regional annual NPP and RH increases under the RCP 8.5 scenario according to simulations with 294 both models (Fig. 4) . With optimized parameters, MIC-TEM estimated NPP increases from 9. (Fig. 4) . Similarly, TEM also overestimated RH by 1.7
297 PgCyr -1 in the 2000s and 0.25 PgCyr -1 higher in the 2090s, respectively (Fig. 4) . As a result, the (Fig. 4) . Given the uncertainty in parameters, (Fig 4) . TEM predicted a similar trend for NEP, which 304 overestimated the carbon sink with magnitude of 19.2 Pg compared with the simulation by MIC-
305
TEM with optimized parameters. Under the RCP 2.6 scenario (Fig. 4) , the increase of NPP and
306
RH is smaller from 2000 to 2100 compared to the simulation under the RCP 8.5. MIC-TEM 307 predicted that NPP increases from 9.1 to 10.9 PgCyr -1 , TEM estimated 1.6 PgCyr -1 higher at the 308 beginning and 0.9 PgCyr -1 higher in the end of the 21 st century (Fig. 4) . Consequently, MIC- PgC yr -1 estimated with TEM during the century (Fig. 4) that MIC-TEM is more sensitive to environmental changes (Table S4) . 
358
The MIC-TEM simulated NEP generally agrees with the observations. However, model Zhuang et al. (2003) showed that the changes in agricultural land use in northern high 372 latitudes have been small.
373
The largest limitation to this study is that we have not explicitly considered the fire 374 effects. Warming in the northern high latitudes could favor fire in its frequency, intensity, shown that when soil nitrogen is in short supply, most terrestrial plants would form symbiosis relationships with fungi; hyphae provides nitrogen to plants, in return, plants provide sugar to 388 fungi (Hobbie and Hobbie, 2008, 2006; Schimel and Hättenschwiler, 2007) . This symbiosis 389 relationship has not been considered in our current modeling, which may lead to a large 390 uncertainty in our quantification of carbon and nitrogen dynamics.
391
Shift in microbial community structure was not considered in our model, which could 392 affect the temperature sensitivity of heterotrophic respiration (Stone et al., 2012) . Michaelis-
393
Menten constant (Km) could also adapt to climate warming, and it may increase more 394 significantly with increasing temperature in cold-adapted enzymes than in warm-adapted Hagerty et al., 2014; Schimel and Schaeffer, 2012; Steinweg et al., 2013) . Thus, the 407 ignorance of microbial dormancy could fail to distinguish microbes with different physiological states, introducing uncertainties to our carbon estimation. 
Conclusions
